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A simple method to cryogenically preserve hepatocyte monolayers is currently not available but requirements for adherent cells [27] , there are two principal approaches to cryopreservation of 58 cell monolayers that are independent of the CPA. One approach involves growing cells on small 59 glass slides that are coated with an extracellular matrix (e.g. collagen). The slides are then 60 removed from the cell-culture dish and exposed to a CPA solution in cryogenic vials which are 61 cooled at a controlled rate to the desired temperatures [22, 49] . The second approach involves 62 using passive cooling devices to cryopreserve cells directly in the culture dishes on which they the absorbance values measured for negative control wells at 570 nm and 600 nm, respectively.
9
The membrane integrity of adherent cells immediately after freezing and thawing was 179 determined using a SYTO 13 and propidium iodine membrane-integrity assay which can be thawing and plating of samples frozen in suspension (Fig. 2) from 50 to 150 mM as compared to controls without trehalose incubation (Fig. 3) . Surprisingly, exposure to trehalose (n = 7-12, p < 0.05) (Fig. 4A ). Furthermore, preincubation with 100 mM 283 trehalose significantly outperformed all other concentrations evaluated (Fig. 4A) . To investigate culture medium containing 10 % Me2SO caused a 50% reduction in cell recovery (Fig. 4B ).
290
These results were confirmed by live-dead staining performed immediately after thawing ( developed bonds (hence free water) [9] . In order to understand the impact of trehalose on ice 338 formation in our freezing buffer Raman microspectroscopy was performed without cells present.
339
Onset of ice nucleation during freezing was indicated in by the appearance of a definitive ice 340 peak at 3100 cm -1 (Fig. 7) . If 100 mM trehalose was added to the 10% Me2SO solution, we 341 observed a significant decrease (>50%) in the intensity of the ice peak at -170 0 C (Fig. 7) 'preconditioning' effect is in our opinion rather minor compared to the direct cell stabilizing 398 effects of trehalose.
399
The main factors that impact viability of cells after freezing and thawing, in both 400 monolayer and suspension formats, is ice-crystal formation and hyperosmotic stress due to 401 precipitation of water as ice [26, 34, 35] . Water that is below its freezing point is referred to as 402 supercooled and has a higher chemical potential at a given subzero temperature than that of ice 403 or water in a solution that is in equilibrium with ice [35] . As extracellular ice precipitates, a but do not approach ultra-rapid freezing rates used in vitrification techniques [34, 35] . 
